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Data S1 Experimental Procedures. 
Immunoblotting
Cells were lysed by SDS sample buffer containing β-mercaptoethanol. Whole cell extracts were loaded onto 4-14% SDS-PAGE gels and blotted on a PVDF membrane (Millipore). After blocking in 5% skim milk, 3%BSA, or Blocking One (Nacalai) at room temperature, the blots were incubated O/N with specific antibodies, probed with horseradish peroxidase-linked secondary antibodies (GE Health Care) for 1 h, and detected by ECL reagents (GE Health Care).
Detergent-insoluble protein fractionation and quantification
Triton-insoluble fractions were prepared as previously described (Bartlett et al., 2011) . In brief, cells were extracted in ice-cold lysis buffer (50 mM NaCl, 5 mM EDTA, 0.1%SDS, 1% Triton X-100, 10 mM Tris-HCl (pH7.4), 1 mM Na3VO4, 1 x phosphatase inhibitor cocktail, 30 mM β-Glycerophosphate), centrifuged at 14,000 rpm for 10 min, and the supernatants were collected as the soluble fraction. The remaining pellets were extracted with 2% SDS-containing sample buffer (insoluble fraction). The soluble and insoluble fractions were subjected to SDS-PAGE to detect actin and ubiquitinconjugates with specific antibodies, respectively. Soluble actin was used as a loading control (Dai et al., 2015) , and relative amounts of actin in each soluble fraction dictated the respective volumes of the insoluble fractions to be loaded. After detection of the ubiquitin conjugates, the PVDF membrane with the blot of the insoluble fraction was rinsed in TNT buffer (20 mM Tris-HCl (pH7.5), 140 mM NaCl, 0.05% Tween 20 (vol/vol)) and further subjected to Coomassie staining to determine total amounts of the detergent-insoluble proteins. The immunoreactive signals and levels of the total insoluble proteins were quantified by using Image J software.
ELISA for measurement of Aβ42
Supernatants were collected every seven days after initiating the neuronal cultures and stored at -80°C until use. Secreted Aβ42 across the LTC of PHNs was analyzed in accordance with the manufacturer's instructions for the Human/Rat Amyloid (42) ELISA kit from Wako (Wako, .
Immunofluorescence
Cells growing on coverslips were fixed with 4% paraformaldehyde (PFA) at room temperature for 15 min, or methanol on ice for 15 min. PFA-fixed cells were permeabilized by 0.5% triton buffer (20 mM HEPES (pH7.4), 50 mM NaCl, 3 mM MgCl2, 0.3 M sucrose, 0.5% Triton X-100 (vol/vol)) for 5 min. After two rinses with PBS, cells were blocked in PBS containing 0.1% skim milk (wt/vol) and 0.1% bovine serum albumin (wt/vol) for 0.5 to 1 h. After that, cells were incubated with primary antibodies for 1 h at room temperature. After three PBS washes, cells were incubated with secondary antibodies conjugated with Alexa488 or Cy3 for 1 h at room temperature. Nuclei were counterstained with 1 μg/mL 4',6-diamidino-2-phenylindole (DAPI). For Thio-S staining, blocked samples were incubated with 0.025% Thio-S (wt/vol) for 5 min followed by three 5 min washes in 80% ethanol and a 5 min wash in PBS. After that, samples were incubated with anti-MAP2 as a primary antibody and then the appropriate secondary antibody. Fluorescence images were acquired using a high-resolution microscope DeltaVision Elite (GE Health Care) and were processed to projections of z-sections. The obtained images were subsequently composed and edited in softWoRx software, in which the background was reduced by brightness and contrast adjustments applied to the whole images. Fluorescence intensity of selected proteins for MAP2-or NeuN-positive neurons was determined using Image J software and the mean of the relative fluorescence was represented as MFI. To quantify nuclear levels of REST, individual nuclei in MAP2-positive neurons were manually outlined and the mean of relative fluorescence in the reference channel (Alexa Fluor 488) for the specified nuclear region was measured using Image J.
RT-qPCR
Total RNA was prepared from cells using an RNeasy Mini kit (Qiagen) and transcribed into cDNA using AMV reverse transcriptase (Life Sciences) and an oligo-dT primer.
GACCTTACTCGTGAAGAAATTATGG-3' and 5'-CTCCATGACTTAGAATCACACACAC-3'; Puma, 5'-CACTGATGGAGATACGGACTTG-3' and 5'-GCCTTTCCTGAGATGGTGGT-3'; CypA, 5'-TATCTGCACTGCCAAGACTGAGTC-3' and 5'-CTTCTTGCTGGTCTTGCCATTCC-3'. Transcripts of the CypA housekeeping gene were used as endogenous controls to normalize the expression of each unknown target.
Autophagic flux assay 10 nM bafilomycin was used to inhibit autophagy for 4 h at 37°C and to detect accumulation of autophagosomes by immunoblotting of LC-3 and immunofluorescence of p62 (see Garcia-Prat et al., 2016) .
De novo protein synthesis assay
Newly synthesized proteins were detected with a Click-iT HPG Alexa Fluor 488 Protein Synthesis Assay Kit (Thermo Fischer Scientific) according to the manufacturer's protocol. In brief, rat primary hippocampal neurons were maintained in Neurobasal media supplemented with B27 in the absence or presence of 100 nM rapamycin or 100 nM CHX from 4 DIV to 14 DIV (i.e., for 10 days). At 14 DIV, the media was replaced with L-methionine-free media containing 50 μM Click-iT-labeled HPG, and the cells were incubated for 30 min. The cells were then rinsed and fixed with 4% PFA for 15 min. Following Click-iT reaction with Alexa Fluor 488 dye, and counterstaining with NuclearMask, images were acquired using DeltaVision Elite, and were analyzed by Image J.
Plasmids
Short-hairpin sequences targeting the following regions were cloned into pSuper plasmid: rat Puma/Bbc3 (1726-TAGATATACTGGAATGAATTTT-1748) and firefly luciferase (5'-TAAGGCTATGAAGAGATAC-3'). The sh-Puma or sh-Luc amplicons were then shuttled into the pCS2-RNAi-IRES-EGFP vector using BamHI and XhoI. To generate an EGFP expressing vector for control experiments, oligonucleotides comprising a P2Asequence (5'-GCCACCAACTTCAGCCTGCTGAAGCAGGCCGGCGACGTGGAGGAGAACCCC GGCCCC-3') were introduced in place of the NLS sequence in the pLenti-EF1-EGFP-NLS. pCAX APP695 vectors (wild type (WT) and Swedish/Indiana mutant (Swe/Ind)) were obtained from Dennis Selkoe and Tracy Young-Pearse through Addgene (plasmids #30137 and #30145) (Young-Pearse et al., 2007) . We PCR-amplified the APP695 WT and Swe/Ind from the pCAX hAPP plasmids to include flanking ClaI and MluI restriction sites, and we then subcloned them into pLenti-EF1-EGFP-P2A-STOP.
Lentiviral infection
293T cells were maintained in DMEM (Nissui) supplemented with 10% FBS (GIBCO), 2 mM L-glutamine (Sigma), 96 U ml -1 Penicillin (Sigma), and 72 U ml -1 Streptomycin (Sigma). 293T cells were transfected with Lipofectamine 2000 (Invitrogen) for shRNA knockdown or Polyethylenimine Max (Polysciences, Inc.) for cDNA expression with 9 μg DNA following the manufacturer's instructions. Thirty-six hours after transfection, the viral supernatant was collected and concentrated using Amicon Ultra-15 100K centrifugal filters (Millipore), yielding aliquots of lentiviral particles, which were stored at -80°C until use. At 3 DIV, hippocampal neurons were subjected to lentiviral infection for 24 h by replacing half of the medium with fresh Neurobasal B27 medium containing the lentiviral particles. 24 h after infection, the medium was changed to treat the neurons with AraC for an additional 24 h.
Statistical analysis
We conducted two-tailed unpaired t-tests, one-way ANOVA, Two-way ANOVA, and Mann-Whitney tests using GraphPad Prism software. Bonferroni or Tukey's multiple comparisons were used for post-hoc tests following ANOVA. . PHNs at 7 DIV treated with 5 μg/mL of bleomycin for 6 h were used as a positive control for DSB formation. Percentage of neurons positive for NeuN (green) with two or more γH2AX foci is indicated (K). Means ± SD from three independent experiments are shown. Scale bar, 20 μm. Note that at higher magnification the individual γH2AX foci are clearly distinguishable. One-Way ANOVA for (C); unpaired two-tailed t-test for (D), (E), (H), (I), and (K) (*p < 0.03; **p < 0.01; ***p < 0.0005). n.s., not significant
Figure S2. Stimulus-dependent neuronal activity during LTC
Induction of c-fos protein (green) (detected by immunostaining) in MAP2-positive PHNs (red) at 14 DIV and 28 DIV after treatment with KCl as stimulus. Cells were incubated for 24 h in the presence of 100 μM D-APV (APV), and were then fixed (0 h). Alternatively, cells were exposed to 50 mM KCl for an additional 12 h with APV, followed by fixation (12 h). Data are representative of two-independent experiments. Scale bars, 20 μm. (C) PCNs at 14 or 28 DIV were exposed to either DMSO (0 μM) or etoposide (ETOP) (5 -40 μM). Cell survival of young (blue) and senescent cells (orange) without stress treatment (0 μM) was defined as 100%. Mann-Whitney U-test for (A); Two-way ANOVA for (C) (*p = 0.0056; **p = 0.0032; ***p = 0.0011). Post-mitotic hippocampal and cortical neurons display changes associated not only with aging brain, but also with conventional cellular senescence after long-term cultures. Proteostasis failure, possibly due to defective autophagy, is a potential contributor to the age-associated changes. Pharmacological interventions in proteostasis (e.g. rapamycin and EPPS) rescue cellular senescence in post-mitotic neurons. This senescence phenomenon in post-mitotic neurons is accompanied by stress resistance, which may serve as a safeguard against neurodegeneration under age-associated stress, thereby conferring life-lasting survival of neurons during physiological aging. 
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